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(54) Positive electrode material for use In non-aqueous electrolyte iMittery, process for preparing 
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(57) A non-aqueous electrolyte t>attery according to 
the invention includes a positive electrode using a lith- 
ium-metal compound oxide as a positive electrode 
material, a negative electrode and a non-aqueous elec- 
trolyte solution, the battery employing a positive elec- 
trode mater ialconaposed-of4he-lithiura=metaLcornpound_- 
oxlde which contains at least Ni. Co and Mn, and has a 
peak with a full width at half maximum off not greater 
than 0.22'' in a range of 26318.7110^5'* as measured 



by the powder X-ray diffraction analysis using a Cu-Ka 
X-ray source or employing a positive electrode material 
composed of a lithium-metal compound oxide which 
contains at least Ni, Co and Mn. and a non-aqueous 
electrolyte solutk>n which includes a sotvent containing 

- ethylene caitx>nate and a solutexontaining,atJeastone 

type of fluorine-containing compound. 
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Description 

BACKGROUND OF THE INVEr^lON 
Field of the invention 

• / 

The present invention relates generally to a non-aqueous electrolyte battery including a positive electrode which 
uses, as a positive electrode material, a lithiuni-metal compound oxide containing Co, Ni, Mn and the like besides U, a 
negative electrode, and a non-aqueous electrolyte solution as well as to a positive electrode material for use in such a 
rK)n-aqueous electrolyte battery and a process for preparing the same. 

Description of the Related Art 

Recently, non-aqueous electrolyte batteries of high electromotive force have come into practical use. as one type 
of advanced batteries featuring high power and high energy density. The non-aqueous electrolyte battery uses a non- 
aqueous electrolyte solution as the electrolyte, taking advantage of oxidation and reduction of lithium. 

Such a non-aqueous electrolyte battery has generally employed, as the positive electrode material, a lithium-metal 
compound oxide containing Co, Ni. Mn and the like so as to obtain high voltage. 

Where such a lithium-metal compound oxide is used as the positive electrode material, howevw. the positive elec- 
trode material reacts with the non^ueous electrolyte solution to decompose the non-aqueous electrolyte solution and 
hence, lowered preservability and charge-discharge cycle characteristics of the battery result 

More recently, there has been designed a non-aqueous electrolyte battery wherein a mixture solvent of propylene 
cartwnate and diethyl carbonate is used as a solvent in the non-aqueous electrolyte solution thereby inhibiting the 
aforesaid reaction of a connpound oxide of lithium and transition metals with the non-aqueous electrolyte solution, as 
disclosed in Japanese Unexamined Patent Publication No.4(1992)-l84872. 

However, in the case where the compound oxide of lithium and metals including Co. Ni. Mn and the like is used as 
the positive electrode material, particularly when the battery Is in a charged state, there stiH occurs this reaction of the 
positive electrode material wtth the non-aqueous electrolyte solution and hence, a fowered charge preservabirity of the 
battery results. 

Where UCo02 pr UNIO2 is used as the positive electrode material, a high discharge voltage of about 4V is obtained 
for an increased energy density of the battery. Accordingly, studies have recently been made on the use of such lithium- 
metal corrpound oxides. 

Unfortunately, however, the aforesaid lithium-metal compound oxides do not have a stable crystalline structure and 
therefore, repeated charging and discharging of the non-aqueous electrolyte battery results in destruction of the crys- 
talline structure of the lithium-metal compound oxide. Thus, the non-aqueous electrolyte battery is gradually decreased 
in the discharge capadty. failing to offer a satisfactory charge-discharge cycle characteristics. 

More recently, there has been proposed by Japanese Unexamined Patent Publication No.6(1994)-267539. the use 
of a lithium-nickel compound oxide as the positive electrode material, which compound oxide has a full wkfth at half 
majdmum of a peak indicative of (003) Plane in a range off betvveen 0.1 4« and 0.30*. as measured by the powder X-ray 
diffraction analysis using a Qj-K a X-ray source. Further, th ere has been proposed by Japanese Unexamined Patent 
PDWicmionig5:8nBWF2ffia37tReuseorax^ 

as the positive electrode material, which compound oxide has full widths at haH maximum indicative of (003) Plane and 
(1 04) Plane in a range off not greater than 0.5**. as measured by the X-ray (Effraction analysis. 

Where, as suggested by Japanese Unexamined Patent Publication No.6(1994)-267539. the lithium-nickel com- 
pound oxide with its crystallinity controlled in the aforementioned manner is used as the positive electrode material, ttie 
charge-discharge cycle characteristics and discharge capacity of the non-aqueous electrolyte battery is improved to a 
degree as compared witti a case where ttie crystallinity off the compound oxkJe is not controlled. Unfortunately, however, 
even the non-aqueous electrolyte battery using such a positive electrode material still suffffers ttie destruction of ttie 
crystalline structure of the material due to ttie repeated charging and discharging of ttie battery. As a result, ttie non- 
aqueous electrolyte battery has not accomplished a suff fcient improvement in the charge-discharge cycle characteris- 
tics. 

In ttie case where used as ttie positive electrode material is ttie compound oxide containing lithium, cobalt and a 
transition metal other ttian cobalt, such as nickel, manganese and ttie like, and where ttie aystallinity of ttie conpound 
oxide is controlled in the aforementioned manner, as disclosed in Japanese Unexamined Patent Publication 
No.8(l996)-222223. ttie compound oxide does not have a suffidentiy stable crystalline structure and ttierefore, 
repeated charging and discharging off the battery involves change In ttie crystalline structure. Consequentty. ttie non- 
aqueous electrolyte battery camot accomplish a sufffftelent Irnprovemenl in ttie chargeKfischarge cycle characteristics 
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SUMMARY OF THE INVENTION 

It is therefore, an object of the invention to provide a non-aqueous electrolyte battery including a positive electrode 
using a lithium-metal compound oxide as the positive electrode material, a negative electrode, and a non-aqueous elec- 

5 trolyte solution, the battery being adapted to inhibit a reaction between the positive electrode material and the non- 
aqueous electrolyte 'solution thereby presenting excellent preservability and charge-discharge cycle characteristics. 

It is another object of the invention to provide a non-aqueous electrolyte battery including a positive electrode using 
a lithium-metal compourxJ oxide as the positive electrode material, a negative electrode and a non-aqueous electrolyte 
solution, the positive electrode material being so improved as to increase the initial discharge capacity of the battery 

10 and to prevent a discharge capacity decrease due to repeated charging and discharging of the battery, thereby contrib- 
uting to an excellent charge-discharge cyde characteristics of the t>attery. 

The positive electrode material for use in the non-aqueous electrolyte battery in accordance with the invention 
includes a lithiunn-rTietal compound oxide containing at least Ni. Co and Mn, and having a peak with a full width at half 
maximum (hereinafter referred to as FWHM) of not greater than 0.22** in a range of 2eBl8.71±0.25*', as measured by 

16 the powder X-ray diffraction analysis using the Cu-Ka X-ray source. 

In such a positive electrode material for use in the non-aqueous electrolyte battery. LiNi02 or the compound oxide 
of lithium and nickel has Ni substituted with Co and Mn thereby to strengthen the crystalline structure thereof. At the 
same time, the lithlunrwnetai compound oxide presents a uniform distribution of the aforesaid Ni. Co and Mn. thus pos- 
sessing an irKreased portion with an interlayer spacing suitable for the diffusion of lithium ions. 

20 A process for preparing the positive electrode material for use in the non-aqueous electrolyte battery in accordance 
with the invention comprises the steps of adding an alkaline solution to a nriixture solution containing at least salts of Ni. 
Co and Mn theretyy to okitain a compound hydroxkJe of the aforesaid metals, mixing the aforesaid compound hydroxkle 
with a fithium compound, and sintering the resultant mixture of the compound hydroxide and the lithium compound. 
By preparing the positive electrode material for use in the non-aqueous electrolyte isattery iri this manner, there is 

26 ot>tained the aforesaid lithium-metal conpound oxide containing at least Ni. Co and Mn. and having the peak with the 
FWHM of not greater than 0.22? in the range of 2e»18.71±0.25**, as measured by the powder X-ray diffraction analysis 
using the Cu-Ka X-ray source. 

A non-aqueous electrolyte t>attery according to a first aspect of the invention connprises a positive electrode using 
a lithium-metal conpound oxide as a positive electrode material, a negative electrode arKi a non-aqueous electrolyte 

30 solution, the positive electrode material comprising the lithium-metal compound oxide containing at least Ni. Co and 
Mn, and hiaving a peak with a RA^M of not greater than 0.22** in a range off 2081 8.71±0.25**, as measured by the pow- 
der X-iay diffraction analysis using the Cu-Ka X-ray source. 

H the aforesaid positive electrode material is used, as suggested by the non-aqueous electrolyte battery of the first 
aspect of the invention. UNi02 or the compound oxide of lithium arKJ nickel has Ni substituted with Co and Mn therek>y 

35 to strengthen the crystalline structure thereof and hence, the non-aqueous electrolyte t>attery is improved in the charge- 
discharge cyde characteristics, as descrft>ed on the aforesaid positive electrode material for use in the non-aqueous 
electrolyte battery. It is further believed that the lithium-metal compound oxide presents a uniform distribution of Ni, Co 
and Mn, thus possessing an increased portion with an interlayer spacing suitable for the dffusion of lithium tons such 
that the discharge capacity of the non-aqueous electrolyte k^attery is also increased. 

40 A non-aqueous electrolyte t^atte r y according to a secorxi aspect of the invention compr i ses a positive electro de 

using a lithium-metal compound oxide as a positive electrode material, a negative electrode. and¥non-aqueous elec- 
trolyte solution, the poisitive electrode material oomprising the lithium-metal connpound oxide containing at least Co, Mn 
and Ni. the non-aqueous electrolyte solution comprising a solvent containing ethylene carbonate and a solute contain- 
ing at least one type of fluorine-containing compound. 

45 If. as suggested by the non-aqueous electrolyte k)attery of the second aspect of the invention, the positive electrode 
material comprises the compound oxkle of lithium and transition metals, which indude at least Co, Mn and Ni. wNle the 
non-aqueous electrdyte solution conprises the combination of the advent containing ethylene caibonate and the sol- 
ute containing at least one type of fluorine-containing compound, a film is formed on the surface of the positive elec- 
trode material, which film serves to inhibit the reaction between the positive electrode material arxl the non-aqueous 

60 electrolyte sdution even when the battery is in the charged state. Thus, the non-aqueous electrolyte battery is improved 
in the preservability and charge<lischarge cycle characteristics. 

These and other objects, advantages and features of the invention will become apparent from the following descrip- 
tion thereof taken in conjunction with the accompanying drawings which illustrate specific enixxfiments of the invention. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. lis a schematic sectional view illustrating a non-aqueous electrolyte battery In accordance with Examples 1 to 
23 of the invention and Conparative Exanples 1 to 9; 
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Fig.2 is a schematic sectional view illustrating a non-aqueous electrolyte battery in accordance with Examples 24 
to 51 of the invention and Conrparative Examples 10 to 18; and 

Rg.3 is a graphical representation of relationship between the number of charge/discharge cycles and the ds- 
charge capacity of the non-aqueous electrolyte batteries of Examples 24 to 39 and 41 to 51 and of Comparative 
5 Examples 1 1 and 12. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now. preferred emtKxJinrrerrts of the invention will hereinbelow be described in detail. 

to 

(Non-aqueous electrolyte battery of Rrst Aspect) 

A specific description will be made on non-aqueous electrolyte batteries according to a first aspect of the invention. 
As descrbed in the foregoing, the non-aqueous electrolyte batteries according to the first aspect of the invention 
15 each employ, as the positive electrode material, a lithium-metal comrK>und oxide which contains at least Nl. Co and Mn. 
and has a peak with a FWHM of not greater than 0.22*' in the range of 2e»1 8.71^:0.25^. as measured by the powder X- 
ray diffraction analysis using the Cu-Ka X-ray source. 

As the lithium-metal compound oxide for use In the positive electrode material, jt is preferred to use a conpound 
represented by the following general formula (1): 
20 . •' 

UaC0bMnc(M)c,Nii.jj,^02 (1) 

wherein (M) denotes at least one element select from the group consisting of B, Al. Si, Fe, V. Cr, Cu. Zn, Ga and W; 
0<a<1.2; O.l^b^.5; 0.05^c^.4; 0.01^^.4 and 0.15^bH>KJ^0.5. 

25 In such a lithium-metal compound oxide. UNiOg has Ni substituted with Co and Mn as well as wHh at least one ele- 
ment denoted by the aforesaid (M) thereby to change an electronic state of the lithium-metal compound oxide such that, 
in the case of repeated chargeAjischarge of the battery. Mn is ivevented from being eluted in the non-aqueous electro- 
lyte. Hence, k>y using such a lithium-metal compound oxide as the positive electrode material, the charge-cfischarge 
cyde characteristics of the non-aqueous electrolyte battery Is further improved. 

30 In addition, the aforesaid lithium-metal compound oxide fbr use in the positive electrode material preferably has a 
relationship of l(003)/l(1 04)^.8 between an intensity 1(003) of the peak in the range of 2e«1 B.71±0.25* and an intensity 
1(104) of a peak in a range of 2ea44.54±0.25'*. as measured by the powder X-ray diffraction analysis using the Cu-Ka 
X-ray source. 

The use of such a Itthium-metal compound oxide in the positive electrode material even further increases the dis- 
ss charge capacity of the rfon-aqueous electrolyte battery. 

More specifically, a compound oxide of lithium and nickel includes LiNi02 v^ell as LJ2Ni80to and the like, which 
have a small insertion and extraction of lithium ions. With increase In the proportion of Li2Ni80io and the like, the afore- 
said value l(003)/l(104) decreases so that the positive electrbde material is decreased in the discharge capacity. 
Accordingly. H the lithium-metal compound oxide having the value l(003)/l(104) of not smaller than 0.8 is used, the pro- 
^ p ortion of UzNieOio and the like having a small insertion and esctraction of lithium ions Is decreased so that the cfis- 
cHarge capacity of the non-aqueogs electrolyte battery is increased. " 

In order to prepare the aforementioned lithium-metal conpound oxkJe containing at least Ni, Co and Mn. and hav- 
ing the peak with the FWHM of not greater than 0.22" in the range of 2e=18.71±0.25*. as measured by the powder X- 
ray diffraction analysis using the Cu-Ka X-ray source, it is required to unifbnmly nix at least Ni, Co and Ma in order to 
45 uniformly mix at least Ni. Co and Mn. very fine particles of these ingredients for the positive electrode material arid 
blended Into a mixture product Othenwise, solutions of these ingredients are mixed together and the resultant mixture 
solution is removed of solvents by evaporation thereby to obtain a mixture product Subsequently, the resultant mixture 
product is heat treated to ok>tain the aforesaid compound oxide of lithium and transition metals. 

In the lithium-metal compound oxide, the smaller the FWHM of the peak within the range of 2eai8.71±0.2S**, the 
so lessthedisorderof the crystalline structure of the compound Qxkje. 

A process for preparing this lithium-metal compound oxide having the peak with a small FWHM in the range of 
2eoi8.7l±0.25*' preferably comprises the steps of adding an alkaline solution to a mixture solution at least containing 
salts of Ni. Co and Mn thereby to obtain a compound hydroxide of these metals, nruxing a lithium connpound with the 
aforesaki compound hydroxide, and sintering the resultant mixture product of the compound hydroxide and Rthium com- 
55 pound. 

In the compound oxWe of lithium and transition metals thus prepared, the peak within the range of 2e=18.7l±0.25« 
has a FWHM of atxnit 0. 1 5"* such that the disorder of the crystalline structure of the compound oxide Is decreased. TTie 
use of such a positive electrode material further increases the discharge capacity of the non-aqueous electrolyte t^at- 
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tery. It ts to be noted that the process for preparing the compound oxide of lithium and transition metals used as the pos- 
itive electrode material is not particularly limited to the above method. As a matter of course, a compound oxide of 
lithium and transition metals having the aforesaid peak with a smaller FWHM than the above value is also usable. 
The non-aqueous electrolyte k>attery according to the first aspect of the invention may employ Known negative elec- 
5 trode materials for the negative electrode thereof. Examples of the usable negative electrode material include lithium 
alloys such as metal lithium. U-AI. U-ln. Li-Sn. U-Pb. U-Bi. Li-Ga. Li-Sr. U-Si. Li-Zn, Lt-Cd. U-Ca. U-Ba and the like, and 
caribon materials capable of absorbing and desort»ng lithium ions, such as graphite, coke, sintered organic substances 
and the like. 

In the non>aqueous electrolyte battery according to the first aspect of the invention, conventionally known non- 

10 aqueous electrolyte solutions may be used as the aforesaid non-aqueous electrolyte. 

Examples of a solvent usable for the non-aqueous electrolyte solution Include ethylene caitx>nate. propylene car- 
bonate, butylene carbonate, vinylene cartx>nate. cydopenthanone. suHolane, drmethylsulfblane. 3-methyl-1.3-oxazolid- 
ine-2-one. y-butyrotactone. dimethyl cartxmate, diethyl caitx>nate. ethyl methyl carbonate, methylpropyl carbonate, 
butyl methyl carbonate, ethytpropyt carbonatiB. butyl ethyl carbonate, dipropyt cart)onate. 1 .2-dimethoxyethane. tetrahy- 

IS drofuran. 2-methyltetrahydrofuran. 1 .3<liQxolane. methyl acetate, ethyl acetate and the like. These solvents may be 
used alone or in con^ination of two or more types. 

In the non-aqueous electrolyte solution, known solutes may be used as the solute dissolved In the aforesaid sol- 
vent Examples of the usable solute include lithium compounds such as UPFg. LiBF4. LJCIO4. LiCFaSOa. LiAsFg. 
UN(CF3S02)2. UOS02(CF2)3CF3, UN(C2F5S02)2 and the like. 

20 Particularly, If the non-aqueous electrolyte solution includes a combination of a solvent containing ethylene carbon- 
ate and a solute containing at least one type of fluorine-containing compound, a film Is formed on the surface of the pos- 
itive electrode material, as suggested by the non-aqueous electrolyte battery according to the second aspect of tiie 
invention. This film serves to inhiknt the reaction between the positive electrode material and the non-aqueous electro- 
lyte solution even in the charged state of the battery and hence, the non-aqueous electrolyte battery is improved in the 

25 preservabilrty and charge-discharge cycle characteristics. 

Next the non-aqueous electrolyte battery according to the first aspect of the invention will be described in detail by 
way of reference to the examples of the invention. Furthermore, the description will also make apparent by way of com- 
parison with comparative examples that the non-aqueous electrolyte batteries of the examples hereof are improved in 
the Initial discharge capacity and charge-discharge cyde characteristics. It is to be distinctiy appreciated that the non- 

30 aqueous electrolyte battery according to the first aspect of the invention should not be limited to the following examples 
but appropriate changes and modif foatiqns may be nmde in candying out the invention without departing from tiie spirit 
and scope of the invention. 

(Examples 1 to 17 and Comparative Examples 1 to 3) 

35 

In Examples 1 to 17 apd Comparative Examples 1 to 3. there were used a positive electrode, a negative electrode 
and a non-aqueous electrolyte solution prepared in the following manners, respectively, so as to fabricate a flat coin- 
type rx)n-aqueous electrolyte t>attery, as shown in Fig.1 . 

40 (P reparation of Positive Electrode) 



In the preparation of the positive electrode, particles of Ni(OH)2. Ck)(OH)2. Mn2C>3 and AI(0H)3 having a mean par- 
ticle size of 0.05 tim were added to LIOH in a predetermined molar ratio and mixed togettier in Ishikawa-type Raikai 
Mortar. The resultant mixture was heat treated in an atmosphere of dry air at 800*'C for 8 hours thereby to obtain a com- 

.45 pound oxide of lithium and transitfon metals contsuning U, Ni, C^, Mn and Al in a molar ratio as shown in the following 
Tables 1 and 2. The resultant compound oxkle was crushed In Ishikawa-type Raikai Mortar to obtain a positive elec- 
trode material for each example and comparative exanrple. which had a mean particle size of about 5 \im. 

Each of the resultant positive electrode materials was kneaded with acetylene black, as a conductive material, and 
a polyvinyldene fluoride, as a binder, in a weight ratio of 90:6:4 therek>y to obtain a positive electrode mixture. Each of 

so the positive electrode mixtures was subject to a pressure of 2 t/cm^ to be formed into a disk witti a diameter of 20 mm. 
The resultant disks were heat treated in vacuum at 250''C for 2 hours thereby to give the positive electrodes of tiie 
above examples and comparative examples. 

(Preparation of Negative Electrode) 

55 

In the preparation of the negative electrode, a 20-nnm diameter disk was formed by punching a rolled sheet of lith- 
ium-aluminum alloy of a predetermined thickness. Thus were obtained th^ negative electrodes of the at>ove examples 
and comparative examples. 
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(Preparation of Non-aqueous Electrolyte Solution) 

In the preparation of the non-aqueous electrolyte solution, ettiylene cart>onate arxj dimethyl cart}onate were mixed 
in a volume ratio of 1 :1 to give a mixture solvent, in which a solute of UPFe was dissolved in a concentration of 1 mol/l. 

5 

(Fabrication of Battery) - 

In the preparation of the battery, as shown in Fig. 1 . each positive electrode 1 prepared in the aforementioned man- 
ner was attached to a positive-electrode current collector 5 while each negative electrode 2 abovementioned was 

10 attached to a negative-electrode current collector 6. A separator 3 fbrmed of an ion-permeable polypropylene film was 
impregnated with the aforesaid non-aqueous electrolyte solution and then, interposed between the positive electrode 1 
and the negative electrode 2. The positive electrode, separator and negative electrode in this state were pmcked in a 
battery case 4 including a positive-electrode can 4a and a negative-electrode can 4b. In the tsattery case, the positive 
electrode 1 was connected to the positive-electrode can 4a via the positive-electrode current collector 5 and the nega- 

15 tive electrode 2 was connected to the negative-electrode can 4b via the negative-electrode current collector 6, while the 
positive-electrode can 4a is dectrically insulated from the negative-electrode can 4b by means of an insulating packing 
7. Thus were fabricated the non-aqueous electrolyte batteries of Examples 1 to 1 7 and of Cksmparative Examples 1 to 3. 

(Example 18) 

20 

A non-aqueous electrolyte battery of Example 18 was fabricated in the samid manner as In Examples 1 to 17 and 
Comparative Examples 1 to 3. except for that in the preparation of the positive electrode, particles of Ni(OH}2. Co(OH)2. 
Mn2C)3 and AI(OH)3 having a mean particle size of 0.05 fim were added to LiOH in the same molar ratio as in Example 
5 80 as to be mixed together In tshikawa-type Ralkai Mortar and then the resultant mixture was heat treated in the 
25 atmosphere of dry air at 800*'C for 20 hours. 

(Example 19) 

A non-aqueous elcictrolyte battery of Example 19 was fabricated in the same manner as in Exanples 1 to 17 and 
30 Comparative Examples 1 to 3. except for that in the preparation of the positive electrode, particles of Ni(OH)2. Co(OH)2p 
Mn203 and AI(OH)3 having.a mean particle size of 0.05 \im were added to UOH in the same molar ratio as in Exanple 
5 so as to be mixed together in Ishikawa-type Baikal Mortar and then the resultant mixture was heat treated in the 
atmosphere of dry air at 850*C for 8 hours. 

35 (Example 20) 

In the preparation of a positive electrode of Example 20, a mixture solution containing IMi, Co arxi Mn in a molar 
ratio of Ni:Co:Mn80.9:0.01:0.09 was prepared by agitating nickel sulfate, cobalt sulMe avd manganese sulfate in an 
agitating vessel. The resultant mixture solution was further agitated with an aqueous solution of sodium hydroxide grad- 
40 ually added thereto whereby a hydroxide of Ni. Co and Mn was coprecipitated. Thus was obtained a compound hydrox- 
' ide'i3f~thiKe-metals represema'lSy ¥"c6mp^ and having^ oohfiguration 

wherein a part of nickel atoms of nickel hydroxide was uniformly 8ut>stituted with atoms of cobalt and manganese. 

Then, the compound hydroxMe of these metals was mixed with LiOH. At this time, a molar ratio of Li to the sum of 
the metal elements contained in the metal compound hydroxide was 1:1. Subsequently, the resultant mixture product 
45 was heat treated in the atmosphere of dry air at 800''C for 8 hours to obtain a lithium-metal compound oxide. Using this 
lithium-metal compound oxide as the positive electrode material, the positive electrode and then a non-aqueous elec- 
trolyte battery were produced in the same manner as in Examples 1 to 17 and Comparative Exarrples 1 to 3. 

(Example 21) 

so 

In the preparation of a positive electrode of Example 21 . a mixture solution containing f^, Co and Mn in a mdlar 
ratio of Ni:Co:Mno0.5:0.4:0.1 was prepared by agitating nickel sulfate, cobalt sulfate and manganese sulfote in the agi- 
tating vessel. The resultant mixture solution was further agitated with an aqueous solution of sodium hydroxide gradu- 
ally added thereto whereby a hydroxide of these metals was coprecipitated. Thus was obtained a compound hydroxide 
55 of the metals represented by a composition formula of Nio.5Coo.4Mno.i (OH)2 and having a configuration wherein a part 
. of nickel atoms of nickel hydroxkJe was unlfbrmly substituted with atoms of cobalt and manganesa 

Then, the conpourxJ hydroxide of the metals was used to prepare a lithium-metal compound oxide in the same 
manner as in Example 20. Using this lithium-metal compound oxide as the positive electrode material, a non-aqueous 
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electrolyte battery was fabricated. 
(Example 22} 

5 In the preparation of a poeltive electrode of Example 22, a mixture solution containing Ni, Co. Mn and Al in a molar 

ratio of Ni:Co:Mn:Al80.84.-0.f :0.05:0.01 was prepared by agitating nickel sulfate, cobalt sulfate, manganese sulfate and 
aluminum sulfate in the agitating vessel. The resultant mixture solution was further agitated with an aqueous solution 
of sodium hydroxide gradually added thereto whereby a hydroxide of these metals was coprecipitated. Thus was 
obtained a compound hydroxide of the metals represented by a composition formula of Nio.e4Coo.iMno.o5Alo.oi(OH)2 

10 and having a configuration wherein a part of nickel atoms of nickel hydroxide was uniformly substituted with atoms of 
cobalt, manganese and aluminum. 

Then, the compound hydroxide of these metals was used to prepare a lithium-metal compound oxide in the same 
manner as in Example 20. Using this lithium-metal compound oxide as the positive electrode material, a non-aqueous 
electrolyte t)attery wats fat}ricated. 

15 

(Example 23) 

In the preparation of a positive electrode of Example 23. a mixture solution containing Ni. Co. Mn and Al in a molar 
ratio of Ni:Co:Mn:Alo0.5:0. 1.-0.39:0.01 was prepared by agitating nickel sulfate, cobalt sulfate, manganese sulfate and 

20 aluminum sulfate in the agitating vessel. The resultant mixture solution was further agitated with an aqueous solution 
of sodium hydroxkle gradually added thereto whereby a hydroxide of these metals was coprecipitated. Thus was 
ot>tained a compound hydroxide of the metals represented by a composition formula of Nio.5Coo/|Mno.39Alo.oi(OH)2 
and having a configuration wherein a part of nickel atoms of nickel hydroxide was uniformly sut>stituted with atoms of 
cobalt, manganese and aluminum. 

25 Then, the cpmpourxJ hydroxide of these metals was used to prepare a lithium-metal compound oxide in the same 
manner as in Example 20. Using this lithium-metal compound oxide as the positive electrode material, a non-aqueous 
electrolyte tattery was fabricated. 

(Comparative Exanple 4) 

30 

Ih the prepiaration of a positive electrode of Comparative Example 4, particles of Ni(OH)2. Co(OH)2, Mn203 and 
AI(OH)3 having a great mean particle size of lO^m were added to LiOH In the same molar ratio as in Example 5. The 
subsequent steps were performed in the same manner as in Examples 1 to 17 and Comparative Examples 1 to 3 
thereby to obtain a lithiunri-metal compound oxide and then to fabricate a non-aqueous electrolyte battery, using this lith- 
35 ium-metal compound oxide as the positive electrode material. 

(Comparative Example 5) 

In the preparation of a positive electrode of Comparative Example 5. particles of Ni(OH)2, Co(OH)2. MngO^ and 
.. . ^ . AI(OH)a havina a great mean particle size of lOum. similarly to (Domparative Exam ple 4. were added to U OH in the 
same molar ratio as in Example 5 so as to be mxed together in Ishikawa-type Raikai Mortar. The resultant rnixture was 
heat treated in the atmosphere of dry air at dOO^'C for 20 hours. The subsequent steps were performed in the same 
manner as in Examples 1 to 17 and Comparative Examples 1 to 3 thereby to obtain a lithium-metal compound oxkle 
and then to fabricate a non-aqueous electrolyte battery, using this lithium-metal compound oxide as the positive elec- 
45 trode material. 

(Comparative Example 6) 

In the preparation of a positive electrode of Comparative Example 6. particles of Ni(0H)2. Co(OH)2, Mn203 and 
so AI(OH)3 having a great mean particle size of lO^im. similariy to Comparative Example 4. were added to UOH in the 
same molar ratio as in Example 5 so as to be mixed together in Ishikawa-type Raikai Mortar. The resultant mixture was 
heat treated in the atmosphere of dry air at 850"C for 8 hours. The subsequent steps were performed in the same man- 
ner as in Examples 1 to 17 and Comparative Examples 1 to 3 thereby to obtain a lithium-metal compound oxkie and 
then to fabricate a non-aqueous electrolyte battery, using this lithium-metal compound oxide as the positive electrode 
55 material. 
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(Comparative Example 7) 

In the preparation of a positive electrode of Comparative Example 7. particles of nickel hydroxide serving as cores 
were dispersed in an aqueous solution of nickel sulfate of a density of 1 N in the agitating vessel. Then, flake-like parti- 
5 cles of sodium hydroxide were added to the resultant dispersion solution, which was agitated with a solution tempera- 
ture maintained at 40°G. The dispersion solution was further agitated with powders of nickel sulfate and sodium 
hydroxide added thereto whereby sphere-like partides of nickel hydroxide. Ni(OH}2. were obtained. 

The resultant Ni(OH)2 arvl LiOH were mixed together in a molar ratio of 1 :1 . The subsequent steps were performed 
in the same manner as in Examples 1 to 17 and Comparative Examples 1 to 3 thereby to obtain a lithium-metal com- 
10 pound oxide and then to fabricate a non-aqueous electrolyte battery, using this lithiunn-metal compound oxide as the 
positive electrode material. 

(Comparative Example 8) 

IS In the preparation of a positive electrode of Comparative Example 8. sphere-like particles of nickel hydroxide. 
Ni(OH)2. otMained in the same manner as in Comparative Example 7 were mixed with LiOH and Co(OH)2 in a mdar 
ratio of U:Ni:Coa1 :0.B:0.2. The subsequent steps were performed in the same manner as in Examples 1 to 17 and 
Comparative Examples 1 to 3 thereby to obtain a lithium-metal compound oxide wnti then to fabricate a non-aqueous 
electrolyte battery, using this lithium-metal compound oxide as the positive electrode material. 

20 

((Comparative Example 9) 

In the preparation of a positive electrode of Comparative Example 9. particles of Ni(OH)2 having a great mean par- 
ticle size of lO^m: similarly to Compiarative Example 4. were mixed with LiOH in a molar ratio of IJ:NiBi:i. The 8ut)se- 
25 quent steps were performed in the same nnanner as in Examples 1 to 1 7 and Comparative Examples 1 to 3 thereby to 
obtain a lithium-metal compound oxide and then to fabricate a non-aqueous electrolyte battery, using this lithium-metal 
compound oxide as the positive electrode material. 

Now. as to the positive electrode materials for use in the non-aqueous electrolyte batteries of Examples 1 to 23 and 
Comparative Examples 1 to 9. a FWHM of the peak in the range of 2eBl8.71±0.25'* was determined by the powder X- 
30 ray diffraction analysis using the Cu-Ka X-ray source, respectively In addition, a peak intensity ratio l(003)/l(104) was 
determined from an intensity 1(003) of the peak in the range of 2es16.71±0.25** and an intensity 1(104) of the peak in 
the range of 26b44.54±0.25'*. The results are shown in the following Tables 1 and 2. 

Each of the non-aqueous electrolyte batteries of Examples 1 to 23 and Comparative Exanrples 1 to 9 thus fabri- 
cated was subject to repeated charge/discharge processes in a cyde of charging the battery at a 0.5 mA/cm^ charging 
55 current to a charge cut-off voltage of 4.25 V followed by discharging the battery at a 0.5 mA/cm^ discharging current to 
a discharge cut-off voltage of 2.75 V. so that a discharge capacity of each non-aqueous electrolyte battery at the first 
cyde was determined. On the other hand, there was determined a numk>er of cycles at which the discharge capacity of 
the battery is decreased to less than 90 % of a discharge capacity at the first cyde The results are shown in the follow- 
ing Tables 1 and 2. 

40 



TABLE 1 



45 



so 



ss 





Li-T.M. Compound Oxide 


FWHM (») 


Peak Intensity 
Ratio 


Number of 
Cycles 


Discharge 
Capacity 
(mAh/g) 




U 


Ni 


Co 


1^ 


Al 










Ex.1 


1.00 


0.90 


0.01 


0.09 


0.00 


0.17 


1.8 


ISO 


210 


Ex.2 


1.00 


0.90 


0.09 


0.01 


0.00 


0.18 


1.5 


142 


205 


Ex.3 


1.00 


0.50 


0.10 


0.40 


0.00 


0.20 


1.7 


147 


200 


Ex.4 


1.00 


0.50 


0.40 


0.10 


0.00 


0.22 


1.3 


151 


202 


Ex.5 


1.00 


0.84 


0.10 


0.05 


0.01 


0.21 


0.8 


192 


199 


Ex.6 


1,00 


0.74 


0.20 


0.05 


0.01 


0.20 


1.2 


196 


201 


Ex.7 


1.00 


0.50 


0.44 


0.05 


0.01 


0.21 


1.3 


188 


198 
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TABLE 1 (continued) 



IS 



20 



25 



30 







U-T.M. ( 


k)mpoui 


id Oxide 


FWHM r ) 


Peak Intensity 
Ratio 


Number of 
Cycles 


Discharge 
Capacity 

\iiiAwy/ 




U 


Ni 


Co 


Mn 


A) 










Ex.8 


1.00 


0.74 


0.10 


0.15 


0.01 


0.18 


1.7 


184 




Ex.9 


1.00 


0.50 


0.10 


0.39 


0.01 


0.19 


1.5 


186 


9in 


Ex.10 


1.00 


0.74 


0.10 


0.05 


0.11 


0.19 


1.4 


190 


1Q7 

1 57/ 


Ex.11 


1.00 


0.50 


0.10 


0.01 


0.39 


0.20 


1.2 


189 


1QQ 


Ex.12 


1.00 


0.89 


0.05 


0.05 


0.01 


0.19 


1.8 


142 


POP 


Ex.13 


1.00 


0.88 


0.10 


0.01 


0.01 


0.18 


1.4 


140 


pna 


Ex.14 


1.00 


0.85 


0.10 


0.05 


0.00 


0.16 


1.3 


138 


1Qft 

190 


Ex.15 


1.00 


0.49 


0.45 


0.05 


0.01 


0.18 


1.9 


145 




Ex.16 


1.00 


0.49 


0.10 


0.40 


0.01 


0.20 


1.6 


140 


ont 


Ex.17 


1.00 


0.49 


0.10 


0.05 


0.36 


0.19 


1.8 


139 


IQft 


Ex.18 


1.00 


0.84 


0.10 


0.05 


0.01 


0.20 


0.7 


1Q1 


loO 


Ex.19 


1.00 


o:84 


0.10 


0.05 


0.01 


0.21 


0.6 


190 


187 


Ex.20 


1.00 


0.90 


0.01 


0.09 


0.00 


0.15 


1.7 


148 


224 


Ex.21 


1.00 


0.50 


0.40 


0.10 


0.00 


0.15 


1.5 


149 


219 


Ex.22 


1.00 


0.84 


0.10 


0.05 


0.01 


0.15 


1.2 


193 


212 


Ex.23 


1.00 


0.50 


0.10 


0.39 


0.01 


0.15 


1.4 


189 


230 



TABLE 2 



40 



45 



50 







LI-T.M. C 


Compound Oxide 


FWHM (<» ) 


Peak Intensity 
Ratio 


Number of 
Cycles 


Discharge 
Capacity 
(mAh/g) 




U 


Ni 


Co 


Mn 


Al 










C.Ex.1 


1.00 


1.00 


0.00 


0.00 


0.00 


0.17 


1.1 


60 


160 


C.Ex.2 


1.00 


0.90 


0.10 


0.00 


0.00 


0.18 


1.3 


57 


154 


C.Ex.3 


1.00 


0.90 


0.00 


0.10 


0.00 


0.20 


1.3 


61 


155 


C.Ex.4 


1.00 


0.84 


0.10 


0.05 


0.01 


0.34 


1.5 


187 


150 


C.Ex.5 


1.00 


0.84 


0.10 


0.05 


0.01 


0.37 


1.7 


190 


153 


C.Ex.6 


1.00 


0.84 


0.10 


0.05 


0.01 


0.37 


1.7 


186 


154 


C.Ex.7 


1.00 


1.00 


0.00 


0.00 


0.00 


0.15 


2.0 


58 


163 


C.Ex.8 


1.00 


0.80 


0.20 


0.00 


0.00 


0.17 


1.9 


61 


167 


C.Ex.9 


1.00 


1.00 


0.00 


0.00 


0.00 


0.23 


1.9 


42 


150 



According to a comparison between the non-aqueous electrolyte t)atteries of Examples 1 to 23 and those of Com- 
parative Examples 1 to 3 and 7 to 9. although all these batteries of the above exan^es and corrparative exannles 
employ a lithium-metal compound oxide having the peak with the FWHM of not greater than 0.22- in the range of 
2©=18.71±0.25». respectively, the batteries of Examples 1 to 23. each of which errploys. as the posith/6 electrode rhate- 
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rial, a compound oxide of lithium and metals including at least Ni» Co and Mn, have accomplished far more greater 
improvement in the charge*discharge cycle characteristics and the initial discharge capacity than the batteries of Com- 
parative Examples 1 to 3 and 7 to 9. each of which employs, as the positive electrode material, a compound oxide of 
lithium and metals including Ni k>ut excluding at least one of Co arxl Mn. 

5 According to a comparison between the non-aqueous electrolyte batteries of Examples 5 and 22 and those of 

Comparative Examples 4 to 6 wherein the lithium-metal compound oxides containing Li, Ni, Co, Mn and Al in the same 
molar ratio were used as the positive electrode material, the batteries of Examples 5 and 22. each of which employs a 
positive electrode material having the peak with the FWHM of not greater than 0.22<' in the range of 2e-18.71o±0.25*'. 
have accomplished far more greater improvement in the initial discharge capacity than the batteries of Conparative 

10 Examples 4 to 6 each of which employs a positive electrode material having the peak with the FWHM of greater than 
0.22** in the range of 2eo18.71«±0.25». 

As to the lithium-nnetal compound oxides used as the positive electrode material, a comparison was made t>etween 
the non-aqueous electrolyte batteries of Examples 1 . 4. 5 and 9 and those of Examples 20 to 23, the molar ratios of Li. 
Ni. Co. Mn and Al of Examples 1. 4. 5 and 9 corresponding to those of Examples 20 to 23. respectively. The non-aque- 

15 ous electrolyte batteries of Examples 20 to 23 have accomplished a greater improvement in the initial discharge capac- 
ity than those of Examples 1 . 4. 5 and 9. Examples 20 to 23 each employing the positive electrode material prepared 
by the steps of neutralizing the mixture solution containing sulfates of Ni. Co, Mn and Al for coprecipitation of the hydrox- 
ide of these metals and treating the metal hydroxide thus copredpitated. whereas Exarnples 1 . 4, 5 and 9 each enfpk>y- 
ing the positive electrode material prepared by the steps of mixing particulate hydroxides of these metals having a mean 

20 particle size of 0.05 ^m and treating the resultant mixture product. It is thought that where a mixture solution containing 
hydroxides of metals is neutralized by adding thereto an alkaline solution theret^y to coprecipitate the hydroxide of the 
metals, as suggested by the non-aqueous electrolyte batteries of Examples 20 to 23, a lithium-metal compound oxkie 
can be obtained without impairing the structure of UNi02. in contrast to the case where particulate hydroxkJes of the 
metals having a small mean particle size of 0.05 im\ are mixed together. As a result the lithium-metal compound oxide 

2S possesses an increased portion with aystalline structure suitat)le for the diffusion of lithium ions so that the initial cfis- 
charge capacity of the battery is further Improved. 

According to a Comparison among the non-aqueous electrolyte batteries of Examples 1 to 23. the batteries of 
Examples 5 to 1 1 , 18. 1 9, 22 and 23. which employ the lithium-metal compound oxide represented by the general fbr- 
mula (1) as the positive electrode material, have accomplish even greater improvement in the charge-discharge cycle 

30 characteristics than the k)atteries of Examples 1 to 4, 12 to 17, 20 and 21 which employ the tithium-metat compound 
oxkles other than the akx)ve as the positive electrode material, respectively. 

According to a comparison between the non-aqueous electrolyte batteries of Examples 1 to 1 7 and those of Exam- 
ples 18 and 19. the batteries of Examples 1 to 17. each of which employs the positive electrode material having a peak 
intensity ratio t(003)/l(104) of not smaller than 0.8, have accomplished greater improvement in the discharge capacity 

3S than the l^atteries of Examples 18 and 19 each of which employs the positive electrode material having a value 
l(003)/l(104) of smaller than 0.8, the peak intensity ratio l(bo3)/l(104) defined as the ratio of an intensity 1(003) of the 
peak in the range of 28^1 8.71 ±0.25'' to an intensity 1(104) of the peak in the range of 26»44.54±0.25**. 

The aforementtoned Examples 1 to 23 exemplify the lithium-metal compound oxides used as the positive electrode 
material, which compound oxide contains U and the other metals such as Ni. Co and Mn and optionally Al. However. 

^ S'"^il ar effects may be obtained by re placing Al vwth at least one element selected from the group consisting of B. Si. 
Fe. V, Cr. Cu. Zn. Ga and W. 

In the aforementioned Examples 1 to 23. oxides or hydroxides of Ni. Co. Mn and Al are used as ingredients for the 
lithium-metat compound oxides but nitrates. cart>onates. sulfates, acetates, oxalates and the Gke of Ni. Co. Mn and Al 
are also usable. 

45 In the aforementioned Examples 20 to 23, sulfetes of Ni. Co. Mn and Al are used as ingredients for the conpound 
hydroxide of Ni, Co. Mn and Al. but any ingredients may be used as long as only the hydroxide of these metals can be 
coprecipitated by the neutralization reaction. Examples of the usable ingredient include acetates, oxalates, citrates and 
the like of Ni. Ca Mn and Al. 

In the aforementioned Examples 20 to 23, the solution of sodium hydroxkJe is used as the alkaline solution for neu- 

so Ualizing the mixture solution containing sulfates of Ni. Co, Mn and Al ttierek^ coprecipitating the hydroxide of tiiese met- 
als but any alkaline solution be used as Umg as only the hydraxkle of these metals are coprecipitated k>y the 
neutralization reaction. Examples of the usable alkaline solution include solutions of lithium hydroxide. kaGum hydrox- 
ide, cesium hydroxide and the like. 

In the aforementioned Examples 20 to 23, sodium hydroxide is simply added to the aforesaid mixture solution of 

55 sulfates of Ni. Ca Mn and Al theretiy coprecipitating the hydioxkJe of these metals. In this case, however, a pH adjuster, 
such as ammonia, may be added to control the rate of Ibrmatton of the hydroxkJe of these metals for uniform combina- 
tion of these metal& 
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(Non-Aqueous Electrolyte Battery of Second Aspect) 

A specific desaiption will be made on non-aqueous electrolyte batteries according to a second aspect of the inven- 
tion. 

In the non-aqueous electrolyte battery according to the second aspect of the invention, the aforesaid lithium-metal 
compound oxide containing at least Ni, Co and Mn, is used as the posHive electrode material, whereas the solvent con- 
taining ethylene cartK)nate is used in combination with the solute containing at least one type of fluorine-containing 
compound, as the non-aqueous electrolyte solution. 

The rithiunwnetal compound oxide used as the positive electrode material preferably has the peak with a FWHM 
of not greater than 0.22- in the range of 2e=ia71±0.25-, as measured by the powder X-ray diffraction analysis using 
the Cu-Ka X-ray source. In the case of such a posHive electrode material, as suggested by the non-aqueous electrolyte 
battery of the first aspect of the invention, the compound oxide of lithium and nickel, or UNiOg. has Nt substituted with 
Co and Mn thereby presenting a strengthened crystalline structure and thus, the non-aqueous electrolyte battery is 
improved in the charge-discharge cyde characteristics. Furthermore, it is thought that the aforesaid Ni, Co and Mn are 
uniformly distributed in the lithium-metal compound oxide thereby increasing the portion with the interlayer spacing suit- 
es for the diffusion of lithium ions and hence, the non-aqueous electrolyte battery is increased in the discharge capac- 

As the lithium-metal compound oxide for use in the positive electrode material, it is prefeaed to use a compound 
represented by the following general formula (2): 

UaC0bMnc(M)dNii.(i^^02 (2) 

wherein (M) denotes at least one element selected from the group Consisting of B, Al, Si. Fe. V, Cr Cu Zn Ga and W- 
0<a<1.2; 0.1^^.5; 0.05sc^0.4: 0.01^50.4 and 0.15^b+c+d^0.5 . • ' ' 

The use of such a positive electrode material provkJes a more positive inhibitfon of the reaction with the non-aque- 
ous electrolyte solution and hence, the presen^lity and chargeKlischarge cyde characteristics of the non aqueous 
electrolyte t)attery is further improved. . 

The non-aqueous electrolyte battery according to the second aspect of the invention may employ generally known 
negative electrode materials for Its negative electrode. Even in a case where there Is employed a caibon material, such 
as graphite and coke, which has a great surtaoe area thus having a high reactivity with the non-aqueous electrolyte- 
solution, the reactton between the non-aqueous electrolyte solution and the carbon material as the negative electrode 
material is also inhtoited by using the cartDon material in combination with the afbresakJ non-aqueous electrdyte sdu- 
tion. This results in the improvement of the charge-discharge cyde characteristics and presen/ability of the non-aoue- 
ous electrolyte battery. , ^ 

In the non-aqueous electrolyte battery of the second aspect of the invention, the aforesaid solvent containing at 
least ethylene carbonate may be used as the solvent in the non-aqueous electrolyte solution. It is preferred to use a mix- 
ture solvent containing ethylene cartjonate and any of other known solvents. 

In mixing ethylene carbonate with another solvent, an insufftoient amount of ethylene carbonate results in a poor 
ionic conductivity of the non-aqueous electrolyte solution whereas an excessive amount of ethylene cart3onate results 
^, anexcessive viscosity and also a poor ionic conductiw ty^Jh&norvaqueou^^ content- 
of ethylene carbonate in the solvent is preferably in a range of between 20 and 80 vol%. 

The sdute for use in the non-aqueous electrolyte solution may contain at least one type of fluorine-containing com- 
pound, as described in the foregoing. Usable as the fluorine-containing compound are known fluorine-containing com- 
pounds generally used as the solute. Examples of the usable fluorine-containing compound indude UPFg. UBF4, 
uN(C2F5S02)2. LiAsFg and the like. Although such a fluorine-containing compound rriay be used in combination with 
any of other known solutes, it is more preferred to use the fluorine-containing compound alone. 

In adding the solute containing at least one type of fluorine-containing compound to the non-aqueous electrolyte 
solution, an excessive or insuff ident amount of added solute results In a reduced ionic conductivity of the non-aqueous 
electrolyte sdution. Therefore, a total amount of solute contained in the non-aqueous electrolyte sdution is preferably 
so in a range of between 0.5 and 2.0 mol/l. 

Next the non-aqueous electrolyte battery according to the second aspect of the inventton will be described in detail 
by way of reference to the examples thereof. In addition, the desaiption will also make apparent by way of comparison 
with comparative examples that the non-aqueous electrdyte batteries according to the examples of the invention suffer 
less discharge capacity decrease when stored in the charged state and present improved charge^jischarge cyde char- 
55 acteristics. It is to be distinctly appredated that the non-aqueous electrolyte battery according to the second aspect of 
the invention should not be limited to the fbflowlng examples but appropriate changes and variations may be made in 
canning out the invention without departing from the spirit and scope thereof. 
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(Examples 24 to 31 and Comparative Examples 10 to 12) 

In Examples 24 to 31 and Comparative Examples 10 to 12, a positive electrode, a negative electrode and a non- 
aqueous electrolyte solution prepared in the following manners were used, respectively, thereby to fabricate a cylindri- 
5 cal type non-aqueous electrolyte battery of AA size, as shown in Fig.2. 

(Preparation of Positive Electrode) 

In the preparation of the positive electrode, a powder of UNiq 7Coo.2^^no.iO^ as the positive electrode material was 
to mixed with an artificial graphite as a conductive material. Added to the resultant mixture was a solution obtained by ds- 
solving polyvinylidene fluoride, as a binder, in N-methyl-2-pyrolidone (NMP) thereby to obtain a mixture containing the 
aforesaid positive electrode material, artificial graphite and polyvinylidene fluoride in a weight ratio of 85:10:5. The 
resultant mixture was taieaded into a slurry, which was applied to the kxjth sides of an aluminum foil as the positive-elec- 
trode current collector by means of the doctor blade coating method and then subject to drying to give the positive elec- 
15 trode. 

The px>sitive ^ectrode material of UNio.7Coo^Mno.i02 was sut>iect to the powder X-ray diffraction analysis using 
the Cu-Ka X-ray source, thereby to determine a FWHM of the peak in the range of 2e«18.7lHb0.25''. At the same time, 
a peak intensity ratio l(003)/l(104) was determined from an intensity 1(003) of the peak in the range of 2esi8.71±0.25'* 
and an intensity 1(104) of the peak in the range of 2eo44.54i0.25**. The FWHM was 0.20** and the peak intensity ratio 
so l(003)/l(104}was 1.1. 

(Preparation of Negative Electrode) 

In the preparation of the negative electrode, a powder of natural graphite having a spacing of (002) Plane. doo2. of 
25 3.35 A was used as the negative electrode material. Added to the natural graphite powder was a solution ot3tained by 
dissolving polyvinylidene fluoride, as the binder, in the aforesaid NMP, thereby to obtain a mixture containing the natural 
graphite powder and polyvinylidene fluoride in a weight ratio of 95:5. The resultant mixture was kneaded into a slurry, 
which was applied to the both sides of a copper fdll, as the negative-electrode current collector, tiy means of the doctor 
blade coating method and then subject to drying to obtain the negative electrode. 

30 

(Preparation of Non-Aqueous Electrolyte Solution) 

In the preparation of non-aqueous electrolyte Golutions of Examples 24 to 31. at least ethylene cart)onate was 
employed for the solvent while at least one type of fluortne-oontalning compound was employed for the solute, as shown 
35 in the following Tat)ie 3. 

More specifically, in Example 24, LiPFe. as the solute, was dissolved in a concentration of 1 mol/l in a mixture sol- 
vent containing ethylene cartx)nate (hereinafter, referred to as 'EC*) and diethyl cart>onate (hereinafter, referred to as , - 
'DEC*) in a volume ratio of 50:50. In Example 25. LiBFg, as the solute, was dissolved in a concentration of 1 mol/l in the 
same mixture solvent as in Example 24. In Example 26, UN(C2F5S02)2. as the solute, was dissolved in a concentration 

. „ ^ of 1 mo l/l In the same mixture solvent as in Example 24. In Exanryle 27. LiAsFf. as the solute, was dissolved in a con- 

centration of 1 mo\l\ in the same mixture solvent as in Examplie 24. In Example 28, LiPFe, as the solute, was dissolved 
in a concentratton of 1 mMm a mixture solvent containing EC and dimethyl carbonate (hereinafter, referred to as 
'DMC*) in a volume ratio of 50:50. In Example 29. LiPFe was dissolved In a concentration of 1 mol/l in a mixture solvent 
containing EC and rbutyrolactone (hereinafter, referred to as *G-BL') in a volume ratio of 50:50. In Example 30, LiPFe 
45 and UCIO4 were each dissolved in a concentration of 0.5 mol/l in the same mixture solvent as in Example 24. In Exam- 
ple 31 . UPFe was dissolved in a concentration of 1 nnol/l in a mixture solvent containing EC, propylene cart»onate (here- 
inafter, referred to as 'PC*) and DEC in a volume ratio of 25:25:50. 

On the other hand, in Comparative Example 10. UCIO4. as the solute, was dissolved in a concentration of 1 nwl/l 
in the same mixture solvent of EC and DEC as in Exanple 24. In Comparative Example 1 1 , LiPFe dissolved in a 
so concentration of 1 mol/l in a mixture solvent corttaining PC and DEC in a volume ratio of 50:50. In Comparative Example 
12, LiPFe dissolved in a concentration of 1 mol/l in a mixture solvent containing PC and 1 ,2-dimethOKyethane (here- 
inafter, referred to as 'DME*) in 9 volume ratio of 1 :1 . 

(Fabrication of Battery) 

55 

in the fakMication of the t>attery, a porous film permeable to Dthlum ions, as a separator 13, was interposed between 
the positive electrode 1 1 and the negative electrode 12 prepared in the aforementioned manner, which were wound into 
a spiral shape so as to be received in a battery can 14. Sut)sequently, each of the non-aqueous electrolyte solutions 
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prepared in the aforementioned manners was poured into the battery can 14 which. In turn, was closed. The positive 
electrode 1 1 was connected to a posrtive-electrode external terminal 16 via a positive-electrode lead 15 whereas the 
negative electrode 12 was connected to the battery can 14 via a negative-electrode lead 17. The positive-electrode 
external terminal 16 and the battery can 14 were electrically insulated from each other by means of an insulating pack- 
5 ing 18. 

Next, the non-aqueous electrolyte t>atteries of Examples 24 to 31 and of Comparative Examples 10 to 12. thus fab- 
ricated, were each charged at the 200 mA charging current to the charge cut-off voltage of 4.2 V and then discharged 
at the 200 mA discharging current to the discharge cut-off voltage of 2.75 V so as to determine a discharge capacity of 
each non-aqueous electrolyte batteries before storage. Subsequently, the above non-aqueous electrolyte batteries 

10 were charged at the 200 mA charging current to the charge cut-off voltage of 4.2 V. The non-aqueous electrolyte bat- 
teries thus charged were committed to a twenty days* sforage at a temperature of 60«C artd thereafter, returned to place 
at room temperatures so that the non-aqueous electrolyte batteries were each discharged at the 200 mA discharging 
current to the discharge cut-off voltage of 2.75 V. Discharge capacities of the respective batteries after the storage were 
determined so as to find the respective capacity residual rates of the batteries. The results are shown in the fbllowina 

15 Table 3. 



TABLES 



20 




Positive Electrode Material : LINio.7 Coq^ Mno.i O2 




Mixture Solvent (Vol- 
ume Ratio) 


Type of Solute 


Discharge Capacity (mAh) 


Capacity Residual 
Rate(%) 










Before Storage 


After Storage 




25 


Ex.24 


EC:DEC «50:50 


LiPFe 


600 


515 


85.8 




Ex.25 


EC:DEC o50:50 


UBF4 


595 


505 


84.9 




Ex.26 


EC:DECs50:50 


UNCCaFsSOafe 


600 


510 


85.0 




Ex.27 


EC:DEC »50:50 


UAsFe 


580 


470 


81.0 


30 


Ex.28 


EC:DMC o50:50 


UPFe 


600 


510 


85.0 




Ex.29 


EC:G-BLo50:50 


UPFe 


590 


500 


84.7 




Ex.30 


EC:DEC «50:50 


UPF6+UCIO4 


580 


465 


80.2 


35 


Ex.31 


EC:PC:DEC 

=25:25:50 


UPFe 


585 


495 


84.6 




CExlO 


EC:DEC -50:50 


UCIO4 


580 


395 


6ai 




CExll 


PC:DEC b50:50 


UPFe 


500 


270 


54.0 


40 


C.Ex12 


PCiDME b50:50 


UPFe 


500 


250 


50.0 



As apparent from the table, where the lithium-metal compound oxide containing at least Ni. Co and Mn is used as 
the positive electrode material, the non-aqueous electrolyte batteries of Exanples 24 to 31 . wherein the non-aqueous 

46 electrolyte solution employs the solvent containing ethylene carbonate and the solute containing a fluorine-containing 
compound, all present smaller discharge capacity decrease after storage and thus accomplish a marked improvement 
In the capacity residual rate as compared with the non-aqueous electrolyte battery of Comparative Exanple 10 wherein 
the solute of the non-aqueous electrolyte solution does not contain the fluorine-containing compound and the batteries 
of Comparative Examples 1 1 and 12 wherein the solvent off the non-aqueous electrolyte solution does not contain eth- 

50 yiene carbonate. 

According to a comparison among the non-aqueous electrolyte batteries of Examples 24 to 31. the batteries of 
Examples 24 to 29 and 31. wherein the solute of the nonaqueous electrolyte solution contains only the fluorine-con- 
taining compound, present smaller discharge capacity decrease after storage than the battery of Example 30 wherein 
the fluorine-containing compound was used in combination with another solute. Further, the non-aqueous electrolyte 
55 batteries of Examples 24 to 26. 28, 29 and 31 . wherein any one of UPFg, UBF4 and UN(C2F5S02)2 is used as the sol- 
ute, present even smaller discharge capacity decrease after storage than the battery of Exanple 27 employing Li AsFe 
as the solute. 
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(Examples 32 to 40 and Comparative Examples 13 to 1 8) 

In Examples 32 to 40 and Comparative Examples 1 3 to 1 8, only the positive electrode material for the positive elec- 
trode was varied from that employed in Example 24. respectively, whereas the aforesaid natural graphite was used as 
s the negative electrode material for the negative electrode. The non-aqueous electrolyte solution was prepared by dis- 
solving UPFe in a concei^ation of 1 rnolA in a mixture solvent containing EC arxJ DEC in a volume ratio of 50:50. Using 
the above components, non-aqueous electrolyte batteries of Examples 32 to 40 and of Comparative Examples 13 to 18 
were fEd>ricated in the same manner as in the aforementioned Example 24. 

Positive (alectrode materials used in Examples 32 to 40 and Comparative Examples 13 to 18 each contained U, Ni. 
10 Co and Mn in a ratio shown in the following Table 4. On the other hand, positive electrode materials used in Compara- 
tive Examples 13 to 18 each excluded at least any one of Ni, Co and Mn. 

Similarly to Examples 24 to 31 and Comparative Examples 10 to 12. the non-aqueous electrolyte batteries of 
Examples 32 to 40 and of Comparative Examples 13 to 18 employing such positive electrode materials were each 
determined on the discharge capacities before and after storage thereby to f itkI the capacity residual rate after storage. 
IS The results are shown in the following Tak>le 4. 

Each of the positive electrode materials used in Examples 32 to 40 and Comparative Examples 13 to 18 was sub- 
ject to the powder X-ray diffraction analysis using the Cu-Ka X-ray source thereby to find a FWHM of the peak in the 
range of 2eol8.71±0.25**. In addition, a peak intensity ratio l(003)/l(104) of each positive electrode material was found 
from an intensity 1(003) of the peak in the range of 20^1 8.7110.25** and an intensity 1(104) of the peak present in the 
20 range of 20844.5410.25*'. The resists are shown in the following Table 5. 



TABLE 4 



2S 




Positive Electrode Material 


Discharge Capacity (mAh) 


Capacity Residual Rate 
(%) 






U 


Ni 


Co 


Mn 


Before Storage 


After Storage 






Ex32 




0.85 


0.1 


0.05 


605 


515 


85.1 


30 


Ex.33 




0.5 


0.45 


0.05 


600 


510 


85.0 




Ex.34 




0.5 


0.1 


0.4 


590 


500 


84.7 




Ex.35 




0.6 


0.2 


0^ 


600 


510 


85.0 




Ex.36 




0.5 


0.3 


0.2 


595 


505 


84.9 


35 


Ex.37 




0.4 


0.4 


0.2 


580 


465 


80.2 




Ex38 




0.05 


0.1 


0.85 


580 


460 


79.3 




Ex39 




0.05 


0.9 


0.05 


580 


460 


79.3 


40 


Ex.40 




0.9 


0.05 


0.05 


600 


390 


65.0 




C.Ex.13 




1 


0 


0 


620 


375 


60.5 




C.Ex.14 




0 


1 


0 


580 


360 


62.0 




C.Ex.15 




0 


0 


1 


530 


300 


56.6 


45 


C. Ex.16 




0.9 


0.1 


0 


610 


375 


61.5 




C.Ex.17 




0 


0.9 


0.1 


570 


365 


64.0 




C.Ex18 




0.1 


0 


0.9 


545 


320 


58.7 



so 
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TABLE 5 



5 


• 


Positive Electrode Material 


FWHM {•) 


Peak Intensity Ratio 
l(003)/l(004) 








Mi 
INI 


fVi 
wO 


Mn 
ivin 








Ex.32 


.1 




U. 1 


u.uo 


0.16 


1.3 




Ex.33 


1 


0.5 


0.45 


0.05 


0.19 


1.3 


10 


















Ex.34 


1 


u.o 


n 1 

U.l 


O A 
U.^ 


0.20 


1.7 




Ex.35 


1 


U.D 






0.20 


1.5 




Ex.36 


1 


u.o 


u.o 




0.21 


1.3 


IS 


Ex.37 


1 








0.21 


1.5 




Ex.38 


1 




u.l 


U.oO 


0.19 


1.6 




Ex.39 


1 


0.05 


0.9 


0.05 


0.20 


1.5 


20 


Ex.40 


1 


0.9 


0.05 


0.05 


0.19 


1.6 




O.CX. lO 


1 


1 


0 


0 


U.l r 


1 .1 




C.Ex.14 


1 


0 


1 


0 


0.18 


1.3 




C.Ex.15 


1 


0 


0 


1 


0.19 


1.4 


2S 


C.Ex.16 


1 


0.9 


0.1 


0 


0.18 


1.3 




C.Ex.17 


1 


0 


0.9 


0.1 


0.19 


1.5 




C.Ex.18 


1 


0.1 


0 


0.9 


0.20 


1.5 



30 

A8 apparent from the table, in the case off the non-aqueous electrolyte solution prepared kiy dissolving the solute 
containing a fluorine-containing compound in the solvent containing ethylene cartx>nate. the non-aqueous electrolyte 
batteries of Examples 32 to 40. wherein the lithium-metal compound oxide containing Ni, Co and Mn is used as the pos- 
itive electrode material for the positive electrode, all present smaller discharge capacity decrease after storage and 

35 improved capacity residual rate as compared with the batteries of Comparative Examples 1 3 to 18 wherein the lithium- 
metal compound oxide excluding any one or more off Ni, Co and Mn is used as the positive electrode material. 

According to a conparison among the non-aqueous electrolyte batteries of Examples 32 to 40, the batteries of 
Examples 32 to 39. each employing the lithium-metal comipound oxide represented by the aforesaid general formula (2) 
as the positive electrode material, all present smaller discharge capacity decrease after storage and accomplish much 

40 greater improvement in the capacity residual rate than the battery of Example 40 employing the positive electrod e mate- 
rial not satisfying the conditions off the formula (2). 

(Examples 41 to 51) 

4S In Examples 41 to 51 . as well, only the positive electrode material for the positive electrode was varied from that of 
Exanrple 24. respectively, whereas the aforesaid natural graphite was used as the negative electrode material for the 
negative electrode. The non-aqueous electrolyte solution was prepared by dissolving UPFq in a concentration of 1 mol/l 
in a mixture solvent containing EC and DEC in a volume ratio of 50:50. Using the above components, non-aqueous 
electrolyte k>atteries off Examples 41 to 51 were fabricated in the same manner as in Example 24. 

50 Examples 41 to 51 each employed, as the positive electrode material, a compound represented by a formula of 
UNIq 6Coo2Mno^(M)o^02 wherein a type of metal denoted by (M) was varied as shown in the following Table 5. 

Each of the akxive positive electrode materials was subject to the powder X-ray diffraction analysis using the Cu- 
Ka X-ray source thereby to determine a FWHM of the peak in the range of 2e»1 8.71 ±0.25^. In addition, a peak intensity 
ratio l(003)/l(104) was determined from an intensity 1(003) of the peak in the range of 20si8.71±O.25*' and an intensity 

55 1(1 04) of the peak in the range of 20=44.5410.25''. The results are shown in the following Table 6. 

Similarly to the aforementioned Examples 24 to 31 and Comparative Examples 10 to 12. the non-aqueous electro- 
lyte batteries off Examples 41 to 51 treated using the above positive electrode materials were each determined on 
the discharge capacities belore and after storage thereby to find the capacity residual rate. The results are also shown 
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in the following Table 6. 



TABLE 6 



5 


Positive Electrode Material : UNio e Coq^ Mno.i (M)o.i O2 






Tvoe of (M) 


FWHMC) 


Peak Intensity 
Ratio l(003)/l(004) 


Discharge Capacity (mAh) 


Capacity Residual 
Rate (%) 












Before Storage 


After Storage 




to 


Ex.41 


B 


0.21 


1.3 


595 


485 


81.5 




Ex.42 


Al 


0.16 


1.5 


580 


465 


80.2 




Ex.43 


Si 


0.20 


1.4 


090 




80.7 


IS 


Ex.44 


Ti 


0.17 


1.6 


590 


480 


81.4 




Ex.45 


Fe 


0.15 


1.5 


590 


475 


80.5 




Ex.46 


V 


0.20 


1.6 


590 


475 


80.5 




Ex.47 


Cr 


0.21 


1.6 


590 


470 


79.7 


20 


Ex.48 


Cu 


0.18 


1-5 


595 


475 


79.8 




Ex.49 


Zn 


0.17 


1.4 


585 


475 


81.2 




Ex50 


Ga 


0.20 


1.4 


585 


470 


80.3 


25 


Ex.51 


W 


0.20 


1.2 


585 


475 


81.2 



As apparent from the table, even where the compound oxide of lithium and metals, which include a metal denoted 
(M) besides Ni. Co and Mn. is used as the positive electrode material, by virtue of the use of the non-aqueous elec- 
30 trolyte solution prepared liy dissolving the solute containing the fluorine-containing compound in the solvent containing 
ethylene cartx)nate, the rK)n-aqueou& electrolyte batteries of Examples 41 to 51 present smaller discharge capacity 
decrease after storage and notably improved capacity residual rate as compared with the non-aqueous electrolyte bat- 
teries of Comparative Examples 10 to 18. 

Next, the non-aqueous electrolyte batteries of Examples 24 to 39 and 41 to 51 arKj of Comparative Examples 1 1 
35 and 1 2 were each subject to repeated charge/discharge processes at a temperature of 60^C in a cycle of charging the 
t>attery at the 0.5 mA/cm^ charging current to the charge cut-off voltage of 4.25 V followed by discharging the ft^attery 
at the 0.5 mA/cm^ discharging current to the discharge cut-off voltage of 2.75 V, thereby to find a relationship b^een 
the number of cycles and the discharge capacity of each non-aqueous electrolyte battery. The results are shown in 
Fig.3. 

40 The results show that the non-aqueous elec trolyte batte ries of Examples 24 to 39 and 41 to 51 all present smaller 
discharge capacity decrease associated with an Increased number of cycles as compared with the t^atteries of Com- 
parative Examplias 1 1 and 12. Thus, the non-aqueous electrolyte batteries of the at>ove Examples are improved in the 
charge-discharge cyde characteristics. 

Although the present Invention has been fully described by way of examples, it is to be noted that various changes 

45 and modifications will be apparent to those skilled in the art Therefore, unless otherwise such changes and nfKxJif ica- 
tions depart from the scope of the present invention, they should t>e construed as being included therein. 

Claims 

so 1. A positive electrode material for use in a non-aqueous electrolyte t>attery conprising a lithium-metal compound 
oxide containing at least Ni. Co and Mn. the lithium-metal compound oxkJe having a peak with a full width at half 
maximum of not greater than 0.22^ in a range of 2eai8.71±D.25^, as measured by the powder X-ray diffractloh 
analysis using a Cu-Ka X-ray source. 

55 2. A positive electrode materia) for use in the rx>n-aqueous electrolyte battery as set forth in Claim 1 , wherein said lith- 
ium-metal con^pourxJ oxide is represented by a Ibrmula: 

UaCObMnc(M)aNivo>«^02 
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wherein (M) denotes at least one element selected from the group consisting of B. Al, Si, Fe, V, Or, Cu, Zn, Ga and 
W; 0<a<1.2; 0.1^0.5: 0.05^0.4: 0.01^^.4; and O.IS^biO+d^O.S . 

3. A positive electrode material for use in the non-aqueous electrolyte k>attery as set forth in Claim 1 . wherein said lith- 
5 ium-metal compognd oxide has a relationship of l(003)/l(104}^.8 with 1(003) denoting an intensity of the peak in 

the range of 2e»18.71±0.2S** and 1(104) denoting an intensity of a peak in a range of 2es44.54±0.25<', as measured 
by the powder X-ray diffraction analysis using the Cu-Ka X-ray source. 

4. A process for preparing a positive electrode material for use in a non-aqueous electrolyte battery cornprising the 
10 steps of: 

adding an alkaline solution to a mixture solution containing at least salts of Ni. Co arxi Mn thereby to obtain a 
compound hydroxide of these metals, 
mixing a lithium compound with said compound hydroxide, and 
IS sintering said mixture of the compound hydroxide and the lithium compound. 

5. A non-aqueous electrolyte battery comprising a positive electrode employing a lithium-metal compound oxide as a 
positive electrode mateiriat. a negative electrode and a non-aqueous electrolyte solution. 

20 said positive electrode material comprising the lithium-metal compound oxide containing at least Ni. Co and 

Mn. and having a peak with a full width at half maximum of not greater than 0.22"* in a range of 2eBl8.71±0.25** 
as measured by the powder X-ray diffraction analysis using a Cu-Ka X-ray sourca 

6. A non-aqueous electrolyte battery as set forth in Claim 5. wherein said non-aqueous electrolyte solution comprises 
2S a solvent containing ethylene cartx>nate and a solute containing at least one type of fluorine-containing compound. 

7. A non-aqueous electrolyte battery as set forth in Qaim 5. wherein said lithium-metal oompound oxide is repre- 
sented by a formula: 

UaC0bMnc(M)aNii.(b«:^02 

wherein (M) denotes at least one element selected from the group consisting of B, Al. Si, Fe, V, Cr. Cu. Zn, Qa and 
W; 0<a<1.2: 0.1^0-5: 0.05^0.4; 0.01^^0.4; and 0.15^bK>fd^0.5 . 

35 8. A non-aqueous electrolyte battery as set forth in Claim 7, wherein said non-aqueous electrolyte solution comprises 
a solvent containing ethylene cartx)nate and a solute containing at least one type of fluorine-containing corrpound. 

A non-aqueous electrolyte battery as set forth in Claim 5, wherein said lithium-metal compound oxide has a rela- 
tionship of l(003)/l(1 04)^0.8 with 1(003) denoting an bitensity of the peak in the range off 26=1 8.71±0.25* and 1(1 04) 
denoting an intensity o f a peak in a rarige^of 2eB44.54d^.^. ^I^^^^i^f^^y ^!!1P?!!!^ X-raydifffraction analysis 
using the Cu-Ka X-ray source. * " 

10. A non-aqueous electrolyte battery as set forth In Claim 9. wherein said non-aqueous electrolyte solution Comprises 
a solvent containing ethrlene carix>nate and a solute containing at least one type of fluorine-containing compound. 

45 

11. A non-aqueous electrolyte battery comprising a positive electrode employing a lithium-metal compound oxide as a 
positive electade material, a negative electrode and a non-aqueous electrolyte solution. 

sakl positive electrode material comprising the lithium-metal compound oxide containing at least NI. Co and 
50 Mn, 

said non-aqueous electrolyte solution comprising a solvent containing ethylene cartx)nate and a solute con- 
taining at least one type of fluorine-containing compourxl. 

12. A non-aqueous electrolyte tmttery as set fbrth in Claim 1 1 , wherein said lithlum-melai compound oxide has a peak 
55 with a full width at half maximum of not greater than 0.22* as measured by the powder X-ray diffraction analysis 

using a Cu-Ka X-ray source. 

13. A non-aqueous electrolyte battery as set forth in Claim 11. wherein said lithium-metal compound oxide is repre- 



9. 

40 
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sented by a formula: UaCo^MnQ(M)^Ni i.(b.K>Hj)02 w^®*'®!" W denotes at least one metal selected from the 
group Consisting of B, Al. Si, Ti. Fe. V. Cr. Cu, Zn. Ga and W; 0<a<1.2: 0.1^b<1; 0.0&sc<1; 0^<1: and 
0.15^kM<>fd<1 . 

5 14. A non-aqueous electrolyte battery as set forth in Claim 13, wherein said IHhium-metal compound axtde has a peak 
with a full width at hdlf maximum off not greater than 0.22® as measured by the powder X-ray diffraction analysis 
using a Cu-Ka X-ray source. 

15. A non-aqueous electrolyte k>attery as set forth in Claim 11. wherein said negative electrode employs a cartxm 
10 material as a negative electrode material. 

16. A non-aqueous electrolyte battery as set forth in Claim 11. wherein said non-aqueous electrolyte solution com- 
prises a mixture solvent of ethylene cartx>nate and another solvent, the mixture solvent containirig ethylene carton- 
ate in a concentration of between 20 and 80 vol%. 

15 

17. A non-aqueous electrolyte t>attery as set forth in Claim 1 1 . said fluorineK:ontaining compound is at least one type 
selected from the group consisting of LiPFe. LiBF4, LJN(C2F5S02)2 arxj LiAsFe. 

18. A non-aqueous electrolyte battery as set forth in Claim 1 1 . wherein a total amount of the solute contained in said 
20 non-aqueous electrolyte solution is in a range of between 0.5 arxj 2.0 mol/l. • 
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